The ongoing Zika virus (ZIKV) epidemic in Latin America presented a unique opportunity to develop a neurodevelopmental assessment protocol for children in a lower middle-income country. Although studies of neurodevelopment in young children have taken place in many diverse global settings, we are not aware of any study that has provided a high level of detail about how a measure was selected and then specifically translated and adapted in a lowresource setting. Here, we describe considerations in measurement selection and then the process of translation and adaptation to assess neurodevelopmental outcomes of infants and young children with postnatal exposure to ZIKV in rural Guatemala. We provide a framework to other research teams seeking to develop similar assessment models across the globe.
INTRODUCTION
It is estimated that 43% of children less than 5 years living in low-and lower middle-income countries (LMICs) fail to meet basic developmental milestones in either cognitive or socialemotional development, which is linked to persistent neurodevelopmental problems and poorer performance on cognitive measures later in life. [1] [2] [3] Stunting and poverty are commonly used as a proxy for risk as appropriate neurodevelopmental assessment measures are often not available in LMICs. 1 Most standardized and well-validated tools from high-income countries have significant limitations of score interpretation and feasibility when used in resource-constrained settings.
The urgency presented by the recent Zika virus (ZIKV) epidemic in Latin America and the associated neurodevelopmental sequelae from congenital infection highlighted the limitations in the neurodevelopmental assessment of young children in LMICs. Zika virus was introduced into Brazil as early as 2013, 4, 5 but it was not until microcephaly cases were reported in 2016 that the connection was made between congenital ZIKV infection and poor neurodevelopmental outcomes. 6 Since then, a growing body of evidence supports the causal role of ZIKV in "congenital Zika syndrome," a term that encompasses the numerous sequelae that have thus far been associated with this disease process, including fetal loss, growth restriction, microcephaly, hearing loss, ophthalmologic abnormalities (retina and optic nerve), neurologic abnormalities (seizures and irritability), motor/limb abnormalities (arthrogryposis), and others (dysphagia, constipation, and pneumonia). [7] [8] [9] [10] [11] [12] [13] More concerning, perhaps, is the possibility that additional neurodevelopmental sequelae will only be revealed as affected children reach school age, when in utero infection does not result in the typical congenital Zika syndrome. In addition, the risks of postnatal infection in early life are not yet known.
To understand any potential neurodevelopmental sequelae of ZIKV infection globally, children should undergo systematic evaluation. Although there is a large literature on the translation and adaptation of neurodevelopmental tests for use in diverse settings, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] there is limited information on how to apply this knowledge to select, translate, and adapt neurodevelopmental tests for specific research projects while addressing various forms of potential bias. 24 Here, we describe the process of selection, translation, and adaptation of a neurodevelopmental test used to assess outcomes of young children living in a rural area of Guatemala endemic to dengue and ZIKV, to inform other researchers developing similar projects and help close the gap in this area.
METHODS

Setting.
The study site is located in the coastal lowlands of southwest Guatemala, at the intersections of the departments of San Marcos, Quetzaltenango, and Retalhuleu, encompassing 22 rural communities with approximately 30,000 residents. These communities are monolingual Spanishspeaking and do not identify as indigenous. The population suffers from high rates of food insecurity and child undernutrition, diarrheal disease, maternal depression, maternal and child morbidity, and mortality. 25 Recent studies have shown that the area is highly endemic for dengue, chikungunya, and ZIKV. 25, 26 Research design. In 2017, we launched a prospective, natural history study of postnatally acquired ZIKV infection in infants and young children at the University of Colorado Center for Human Development research and clinic site in Guatemala. The study was funded by the National Institutes of Health through the Baylor College of Medicine Vaccine and Treatments Evaluation Unit. The study protocol was reviewed and approved by the Institutional Review Board at Baylor College of Medicine, the Colorado Multiple Institutional Review Board, and the Ethics Review Committee of the Ministry of Health in Guatemala.
The study aimed to enroll children from birth to 5 years of age (n = 1,200) to follow them up for at least 1 year to determine the incidence of postnatally acquired symptomatic and asymptomatic ZIKV infection. Neurodevelopmental assessments would be conducted serially at the following time points for each participating child: baseline (enrollment), 6 months, and 1 year for infants, and baseline and 1 year for older children (age 1-5 years). We planned to characterize neurodevelopmental outcomes and describe potential neurodevelopmental differences in those infected with ZIKV versus noninfected children by age of the child and by timing of infection.
RESULTS
Developing the neurodevelopmental assessment plan. We reviewed several resources to guide the process of selection, translation, and adaptation of neurodevelopmental measures and how to use them in the context of the research protocol. [14] [15] [16] [17] [18] [19] [20] [21] [22] [27] [28] [29] Figure 1 provides information on key decisions to be made in test selection when a culturally and linguistically appropriate measure is not available.
In the selection of specific tests, we recognized that very few tests have been standardized and validated for use in LMICs and none for the Guatemalan population and our study age range. 23, 30 As the study aimed to evaluate children while the ZIKV epidemic was ongoing, the development of a new measure, which can take several years, was impractical because of time constraints. 17, 19 Therefore, a multidisciplinary team composed of psychologists and physicians with content, cultural, and local expertise selected the most appropriate test from existing tools based on several factors. 23, 30 We considered tests that assessed all domains commonly included in a comprehensive, performance-based assessment of young children: gross and fine motor, expressive and receptive language, and general cognitive/problem-solving skills. 23, [31] [32] [33] [34] Importantly, we took into account the relevance of these developmental domains in the local community (i.e., was assessment of these particular domains the best way to measure the neurodevelopment of children in this community). 21, 35 Although we recognized that cultural factors can impact the rate of developmental skill attainment, consensus was clear that these skill areas were relevant for the study of early neurodevelopment in Guatemala. 36, 37 The feasibility of test administration was a key aspect of our test selection. 23 We planned to enroll 1,200 children ages 0-5 years and perform the test multiple times during the length of the study (we expected approximately 2,900 evaluations within 24 months). Therefore, we sought an instrument that covered the entire age range of our population (to be able to compare results across subjects and time) and that was not FIGURE 1. What to do when no test is available: Decision tree for neurodevelopmental test selection. NEURODEVELOPMENTAL TESTING IN RURAL GUATEMALA overly intensive to administer. The Mullen Scales of Early Learning (MSEL) was selected as our primary performancebased developmental assessment measure. 33 First, the MSEL is validated for children from birth to 68 months, allowing us to use a single test for the entire age span of children targeted by the study. Second, its administration time is approximately two to three times shorter than that of other commonly used performance-based measures, 31, 38 and finally, it covers all the developmental domains of interest to our study. Although the MSEL has not been widely used globally, it has been successfully adapted and administered in other settings, including South Africa and Benin. 39, 40 Last, we considered the important step of establishing psychometric equivalence to the original version of the test and the lack of available regional norms for our population on the MSEL. [41] [42] [43] [44] Children at the study site are exposed to many neurodevelopmental risk factors that go beyond ZIKV infection. 26 Therefore, establishing equivalency to the original test would have entailed obtaining a "healthy," lower risk sample of children, likely from another part of the country or region, which was not feasible given time constraints. In addition, as the objective of the study was to observe any potential adverse impact of ZIKV over and above the presence of the many other neurodevelopmental risk factors highly prevalent in the community, we determined that norming would occur within the obtained sample of children and we would not be establishing equivalency to the original, American norms or making cross-cultural comparisons with children living in other settings at this time for the purposes of this study. This process is commonly used when tests need to be adapted to non-U.S. populations by conducting group comparisons and factoring variables that may also contribute to poor child development, such as gender, home environment, and maternal education. 40, 45 Process of translation and adaptation of the MSEL. The first step was the selection of a team composed of content and topic specialists, local experts, and persons native to the target and source languages, to ensure cultural relevance and sensitivity. 14, 18, 27 In doing so, we avoided the vulnerability of Western bias and lack of expertise in the constructs of the study potentially introduced when the work is solely carried out by American researchers or local professional translators, respectively. Two bilingual neuropsychologists from the United States (A. K. C. and G. B. S.) and three Guatemalan psychologists (P. A., D. B., and S. H.) worked in tandem conducting focus groups of community members and local nurses until consensus was achieved.
We closely followed the theoretical principles outlined by Peña 46 to ensure equivalence between the original and adapted measures in cross-cultural research. Peña noted that although many research teams consider linguistic equivalence, or direct translation of a measure for use in another setting, functional, cultural, and metric equivalence are often not considered and can present threats to the validity of using the measure for clinical or research purposes. Although several studies have used these guiding principles in test adaptation, 39, [47] [48] [49] Table 1 provides details on how this process was undertaken by our team in the context of each of the four concepts of equivalence in the translation and adaptation of the MSEL.
In the last step of our process with the MSEL, we focused our efforts on addressing potential problems with method bias, which may arise from administration procedures. 21, 50 The first was to ensure high-quality training of local examiners and fidelity in assessments. The three Guatemalan psychologists were trained at the site by one of the neuropsychologists from the United States (A. K. C.). Then, videos of pilot assessments and some ongoing assessments once the study began were sent to the neuropsychologists in the United States for review, and feedback and further training occurred in weekly video conferencing and by e-mail. The translation and adaptation were continually reviewed for any potential problems and modified by consensus during this time. A detailed manual with test administration and scoring instructions was created in Spanish, as was a translated test protocol to help ensure fidelity in methods. A quality checklist of procedures was also created, which included checks on scoring and test administration. This checklist was used extensively at the beginning of the study and then periodically so that the psychologists were able to audit each other.
We also addressed method bias by paying close attention to introducing the spaces and tasks to children and adapting the order of events to help with lack of familiarity of the testing environment, and stimulus familiarity. We developed several options of spaces in which to work to support children who were shy or uncomfortable, flexibility on the order in which subtests could be administered, and we allotted time to allow children to play with extra toys not used during the test they may have been seeing for the first time before the formal assessment began. We frequently asked an older sibling, for whom the situation was often less novel because of school attendance, to participate in test activities that we were not planning with the target child to model engagement with the evaluation process.
We supported caregivers unfamiliar with the testing situation, as well. At first, we only provided general explanations and guidance to the caregivers about testing procedures. We soon recognized that we needed to provide specific details not only about the assessment process, but also about what a caregiver should say or not say to help support and motivate her child while maintaining standardized testing procedures. For example, many caregivers required direct guidance on how to encourage their child without giving him or her a direct answer, additional assistance, or a threat for poor performance.
When testing was completed, we provided a visual to caregivers explaining how their child performed in relationship to the average child in the community. We then provided information around the importance of engaging in developmentally stimulating activities with the child. In response to caregivers' concerns that they did not have time during the day to engage in these activities with their child, we developed visual examples of how this could occur in the context of a typical day. These visuals are included in our Supplemental Materials.
DISCUSSION
To address key public health and research gaps during the ZIKV epidemic, we successfully and rapidly (in less than 3 months) developed a neurodevelopmental assessment plan for a rural area of Guatemala. Here, we review how decisions were made regarding test selection, how we addressed the translation and adaptation of specific test items to minimize potential bias and preserve the constructs being assessed, Translation of the MSEL into Spanish (appropriate for Guatemala) was undertaken by the neurodevelopmental team with permission from Pearson, the company that owns the MSEL copyright. Local nurses were consulted when questions about specific regional language differences arose. The final version was back-translated by a third-party professional translator not involved in the initial translation. The back-translation was reviewed and approved by Pearson. Functional: A translated test item should generate the same type of response as the original test item and, therefore, measure the same construct. That is, if a strict translation into the target language alters the meaning of the question or the concept being assessed and, therefore, results in a different pattern of responding, then changes to the language and wording may be necessary
For an item attempting to elicit the response "car," the English question is, "What do we ride in?" The direct translation of the verb "to ride" in Spanish refers to mounting or riding a horse or other animal. Therefore, we changed the verb to the Spanish "to drive" and used the most common locally used equivalent Spanish verb for the local population "manejar," so children would give the same response as English-speaking children. There were instances in which an English word translated to two different words with somewhat different meanings in Spanish. In these cases, we chose the word in Spanish that would result in a similar answer to the English question. For example, in English, the word "fire" can refer to flames and to something that is burning (e.g., a fire in the woods). In Spanish, "fuego" (fire) refers only to flames and "incendio" (fire) refers to something that is burning. There is a question that asks, "What should you do if you wake up in the middle of the night and there is a fire inside of your house?" If we used the word "fuego," children would not think of a house on fire, but could interpret that flames come from the wood burning stove. Therefore, the word "incendio" was selected to preserve the meaning of the question. The word "letter" has two meanings in English, allowing for two different responses (i.e., a symbol of the alphabet and a written communication). In Spanish, there are two different words for each of those definitions, "letra" and "carta," respectively. It was decided by consensus that "letra," as in letter of the alphabet, better represented the item level of difficulty at this section of the assessment. Cultural: An item or test question should be understood in a comparable manner, given local customs and experiences, between both the original and adapted versions
One item involved placing a spoon and a doll on the table and asking the child to hand the doll to the evaluator. Because toys are so much more unfamiliar in this population of children, in our pilot testing, children did not want to hand over the more novel, interesting toy (the doll). Therefore, we changed the item to include two equally appealing and novel objects: a doll and a duck. On an item assessing motor movement and reactivity in babies, the evaluator or the caregiver tries to stimulate the baby with noise, movement, and facial expressions in an attempt to elicit vigorous movement. In our pilot testing, no babies were reacting to these attempts apart from eye contact. We hypothesized that, culturally, caregivers in this area are often not actively engaging with their babies in animated ways; therefore, babies were unfamiliar with this type of stimulation. We, therefore, proceeded to adapt this item to observe for any vigorous movement observed throughout the entire assessment and not only during this item. An item assessing language understanding asks the child why it would not be safe to swim when there was not a lifeguard present. Because these types of water safety controls are not present in Guatemala, most children would not know what a lifeguard is or their purpose. In addition, the direct translation for "lifeguard" can also include "lifejacket" in Spanish. Therefore, we adapted the question to ask why it would not be safe to swim without an adult present. Metric: Translated test items are equivalent in difficulty to the original test On items requesting the child to repeat various sentences, we had to ensure that sentence length (as measured by syllables) was not changed in translation of the item, thereby making the item either more or less difficult. So, while we addressed content so that familiarity would not interfere with task difficulty (i.e., cultural equivalence), we also adjusted translations to achieve exact equivalence in length, ensuring metric equivalency. For example, "In the winter we go sliding down the hill on our sled" was changed to "En el verano bajo la montaña en bici," which directly translates to "In the summer I go down the hill on a bike". For a more difficult task of visual reception, the subject is asked to match a target word to one of three choices. Although we did not expect most children in the study to be able to read, matching unfamiliar letter patterns would be harder than matching familiar letter patterns. Therefore, we changed the stimulus words to Spanish target words that matched the original English words in length, vowel placement, and rhyming when present. For example, we replaced "coat, boat, goat, coat" with the Spanish "masa, tasa, casa, masa". We sometimes chose a slang word over a direct translation to maintain metric equivalency. For example, the direct translation of "faucet" is "grifo," which is not a commonly used word in Guatemala, making it less likely a Guatemalan child would be able to define it. Therefore, we used the slang term ("chorro") rather than a direct translation for the question. MSEL = Mullen Scales of Early Learning. and how administration methods were adapted to the local population.
Although most health-care providers, researchers, and policy makers recognize the importance and urgency of assessment of early childhood development in LMICs, the scarcity of appropriate tests that can be administered by local trained staff is a barrier. In a review of available tests for the assessment of developmental problems in children in LMICs, only 20 tools were identified. 51 Of these, child development experts did not rate any test as meeting all feasibility criteria of application in LMICs and only three tests met most criteria. There was "expert bias" toward the psychometric performance of an instrument, reducing possible false positives in individual subjects, ability of the results to be understood by health workers and caregivers, and linkage of results to early interventions. 51 The norms on which neurodevelopmental test results are based are also frequently inadequate and present an additional challenge to drawing conclusions regarding neurodevelopmental test performance and comparison of information across studies. Norms should represent the demographic characteristics of the child being evaluated. However, overly narrow norms (e.g., drawn from a small local population) may obscure the effects of true etiologic risk factors that have negatively impacted a large portion of children in a community (e.g., poverty and malnutrition), and therefore, may not be sufficient for the evaluation of typical and atypical neurodevelopment. Consequently, national or regional norms are typically preferable. 23 Several organizations are working toward the goal of universal or regional norms or the development of measures that have global application. [52] [53] [54] [55] Akin to the World Health Organization growth reference charts created in 2006, a universal neurodevelopmental reference should ideally be a statistical summary of developmental milestones from a reference group of children, representative of some geographical region, and presented as the frequency distribution at different ages. 56 When a linguistically and culturally appropriate measure is not available, researchers have several resources available to guide the translation and adaptation of tests. However, details are rarely available about how teams can specifically apply these guidelines to meet the needs and goals of their study. 24 The lack of transparency in this process has been and continues to be an obstacle to comparability between studies. For example, we are not able to compare our test MSEL results with results from other studies that do not report on their translation and adaptation process as another study may have performed direct translation only and not adaptation or may have completed an adaptation that is substantially different from ours. Similarly, the lack of information about the translation and adaptation process complicates the ability to put the results of a specific study into context by limiting a reader's understanding of potential threats from bias in the assessment process.
Another obstacle to transparency in practice is that companies owning testing instrument licenses require large fees for permission to use and translate their tests. This can be a deterrent to research and other global health teams and can prevent the sharing of information by teams who did not obtain this sometimes cost-prohibitive permission. When a project is complete, testing companies do not make the translation and adaptation available to other projects, and therefore, teams may be duplicating the work or working without an instrument that is actually available in a translated and adapted form. Testing companies should consider the global health need, and the financial benefits of making translations and adaptations of developmental assessments more widely available to communities and research teams that could benefit from them, perhaps using a tiered pricing approach.
Future work should focus on increased transparency in the decision-making of how a test is selected and the translation and adaptation process as a step toward improving population access to an increased pool of developmental assessment measures and norms. This can help bring us closer to the ultimate goal of developing and expanding access to local child development preventive and therapeutic intervention programs.
